Abstract. The release rate of chloride ions could be controlled by adding additives into the anti-icing modifier, for the purpose of extending the modifier's usage life. The anti-icing capacity of the modifier with controlled released additives was researched in this paper by the "Chloride ion concentration change monitoring test" and "Dynamic water simulation test", and the service life of the modifier has been analyzed.
Introduction
Road icing is regarded as one of the most dangerous factors of causing traffic accidents in winter. Therefore, to discover an efficient, economic and environmentally friendly anti-icing way to guarantee safety driving on roads has become a hot-button issue to the road managers 1 . Nowadays, commonly used methods are spreading snow melting additives, manpower ice removal, etc., which seems to be inefficiency, and harmful to the environment once the excess salt permeates the surrounding soil 2 . Adding anti-icing modifiers into the asphalt mixture has been known as an effective approach. However, as the salt based components would be rapidly separated out when it meets water, the durability of the modifier is sometimes unsatisfied and the usage life is often shorter than what it has been originally designed 6 . To prevent the modifier's excessive dissolution in water condition in rainy summer seasons, and ensure its working performance in winter, a new kind of anti-icing modifier with controlled released additives has been independently researched and developed in this paper. Its validity has been firstly evaluated based on capacity tests, and the service life has also been predicted at last.
Determination of the modifier's optimum adding amount
The anti-icing modifier plays a key role to the freezethaw splitting strength of the asphalt mixture. The freeze-thaw splitting strength of asphalt mixture was verified by the addition of different anticoagulant ice modifiers, for determining of the modifier's optimum adding amount.
It is can be seen from figure 1, with the addition of the anti-icing modifier, the strength of the AC-13 has gradually increased after the freeze-thaw cycles. The possible reason is that at the temperature of -18 , the anti-icing modifier has a reaction with asphalt and then its strength increased and become a permanent strength. When freezing and thawing finished, the anti-icing modifier has played a role during both the splitting process and insulation at the water of 25 , which led to a result that the strength of the mixture after adding the modifier was higher than those without the modifier. The more amount of the anti-icing modifier was added, the trend was more obviously to see.
With addition of the anti-icing modifier, freeze-thaw splitting strength ratio increased first and then decreased. When the adding amount of the modifier was 5% of the asphalt mixture, the freeze-thaw splitting strength has reached the peak value. Freeze-thaw splitting strength ratio was mainly affected by the strength of after and before the freeze-thaw procedure. The modifier gave a significant influence to the splitting strength after freezing and thawing, thus the ratio was changing along with the adding amount of the modifier. According to the research, it can be seen that the optimum adding amount of the modifier in the asphalt mixture was suitable for 5%
Anti-icing Capacity Research
Apply the "Rapid Determination of Chloride Ion Content Instrument" to assess the release rate of the chloride ion. Via the tests of "Chloride ion concentration change monitoring" and "Dynamic water simulation", the capacity of the anti-icing asphalt modifier with the controlled released additives has been analyzed.
Chloride ion concentration change monitoring test

Test method
Marshall Specimens named A and B were prepared and totally soaked in water at the room temperature for 24h/d, continuously lasted for 20 days. Test the chloride ion concentration daily. The durability of the modifier could be evaluated by determining the change of chloride ion in solution. The tests results are shown in table 5 and figure 2.
Test results analysis
The ratio of the modifier was 5% of the asphalt mixture. Each Marshall Specimen was regarded as 1200g; the mass of the modifier was 60g/specimen. The molar mass of salt based chemical composition in the modifier was considered to be 33.8g/mol/specimen. After soaked for 20 days, the total amount of chloride ion separated out was 0.286mol/L, the loss mass was 10.15g/L, and the residual amount of the modifier was 49.98g. Therefore, in case of the worse immersion conditions on pavements, there was still enough residual modifier in the mixture, which can keep the capacity of anti-icing. The effect of controlling release has been achieved.
It is can be seen from the figure 2, with the separating out and dissolution of the chloride ion, the final concentration in water has reached a peak then become stable lines. It seems that the chloride ion which can be soaked and dissolved by water has totally been separated out. Considering the realities on roads, after continuous immersion, traffic loads was supposed to be the main reason that caused the residual chloride ion precipitation, to against the road icing year by year.
Thus, the chloride ion can be controllably released and the modifier's working performance can be trusted in winter. The durability of the modifier was satisfied.
Dynamic water simulation test
Test method
Make three anti-icing asphalt mixture specimens, soaked them into the water at temperature of -10 0 5 15 25 35 , respectively. According to the average annual rainfall of 72L in the test area, spray water to the specimens in 10 times until it has reached the total amount of the average annual rainfall. Under the condition of simulated hot and rainy summer season, test the chloride content of the collecting water after every time shower to determine the loss amount of the chloride ion in each specimen. The test results are shown in Table  6 and Table 7 .
Test results analysis
The adding amount of the modifier with the controlled release additives was 5% of the mixture. As the weight of the every rutting specimen was 10500g, the mass of the modifier was 525g for each. After shower for 10 times, the residual amount of the modifier can be calculated by the loss amount of the chloride ion tested in the collecting water shown in Table 6 . The molar mass was considered to be 33.8g/mol of the modifier for each specimen.
It is can be seen form Table 6 , after 10 times shower onto the three rutting specimens at each temperature above, the test result showed that the amount of the chloride ion in the collecting solution was gradually increased after each time shower. It impacted that in the situation of wet pavement, there was partial loss of the chloride ion of the modifier. However, it also can be seen from the calculation in table 7 that, after a year of concentrated rainfall, there was still anti-icing modifier existed in the rutting test specimen. It indicated that under the function of the controlled release addictive, the average annual rainfall would neither wash away the whole efficient part of the modifier, nor cause a decisive influence to decrease its anti-icing working capacity in winter. Figure 3 has shown that, there was no obvious difference of the chloride ion precipitation when it was tested at a high or low temperature. As the modifier was wrapped by asphalt, with the combination effect of the controlled release additives, great loss of the chloride ion in the modifier has been successfully prevented. Thus, in hot rainy summer, it will not cause a large amount of dissolution of the modifier, and the anti-icing function could be guaranteed.
01003-p.2 4 Service life prediction
According to table 7, after raining for a year, there was still a satisfied amount of modifier stayed in the specimen. According to the calculation of annual loss, the modifier was predicted to be used for approximately 14~20 years. With the function of the controlled released additives, the durability of the modifier was approved, and the target of road safety driving in winter could be achieved.
Conclusions
(1) Deposition rate of the chloride ion could be decreased by adding the controlled released additives into the anti-icing modifier, and the excess loss could be reduced.
(2) According to the whole day immersion and the average annual rainfall water spray tests, the ice removal working performance has been analyzed. Moreover, the loss ratio of the modifier has been calculated and the usage years was predicted. The test results showed that the modifier has satisfied anti-icing capacity, and the release rate of the modifier can be controlled.
(3) With the function of the addictives, the chloride ion would not sharply deposit, therefore the modifier would sustained release for the design years. The effective service life of the modifier has been extended. 
